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1 . (Amended)V A method for measuring a sample, comprising: 

providing a beam oftradiation having a polarized component, and supplying radiation 
from the beam to the sample! 

detecting radiation frdjm the beam that has been modified by the sample; 

modulating the polarization of the beam of radiation prior to its detection by means of 
a rotating phase modulator and a rotating polarizer; and 

deriving from the detected radiation one or more ellipsometric parameters of the 
sample and one or more parameters of a system used in the providing, detecting or 
modulating step without restriction as to magnitude of the modulation. 



2. The method oftclaim 1, wherein said modulating step modulates the beam 
before and after the beam is modified by the sample. 

3. The method of clkim 2, wherein said modulating step modulates the beam by 
rotating a first phase modulator or polarizer in an optical path of the beam before modification 
by the sample, and by rotating a second polarizer or phase modulator in an optical path of the 
beam after the beam has been modified by the sample. 

4. The method of claim 3[, wherein the modulating step rotates the modulator and 
polarizer at different speeds. 

5. The method of claim 4, wherein the modulating step rotates the modulator or 
polarizer by more than 13 complete revolutions while the detecting step is detecting radiation 
from the beam. 

6. The method of claim 4, wherein the modulating step rotates the modulator and 
polarizer at two speeds that form substantially a ratio of two integers, wherein each of the 
integers is indivisible by the other, while the ^detecting step is detecting radiation from the 
beam. 

7. The method of claim 3, wherein the modulating step rotates the modulator and 
polarizer continually, or intermittently. 



A 



8. The method of claim 7, wherein the detecting step detects said radiation during 
the continual rotation of the modulator and polarizer^ or when the modulator and polarizer are 



V 

substantially stationary when they are rotated intermittently. 
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9. The^method of claim 1, wherein said modulating step employs a rotating 
polarizer, rotating retarder, PEM or Pockels cell. 

1 0. The method of claim 9, said rotating retarder being a Fresnel rhomb. 

1 1. The method of claim 9 wherein said deriving derives wstem naramptprQ 
related to said rotating polarizer, rotating retarder, PEM or Pockels cell. 


— 




12. (Amended) Thetmethod of claim 1, wherein said providing step comprises 
passing unpolarized radiation through a fixed linear polarizer. 


^ • _3 




13. The methoffl of claim 1, wherein said providing provides a beam of broadband 
radiation. \ 

l**. i iic iiicuiuu lu L/idiiii 1, wiiciciii iduidiiuii in sdiu DGaiii ficis waveiengins 
spanning a range from about u 50 to about 830 nm. 


-> 
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15. (Amended) The method of claim 1, wherein said deriving derives parameters 
of the system comprising orientation of plane of said polarized component. 






16. The method of claim 1, wherein said deriving derives parameters of the system 
such that said ellipsometric parameters are accurately derived without calibration of the 
system. 
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17. (Amended) A feiethod for measuring a sample, comprising: 
providing a beam of raaiation; 

passing the beam through a first fixed or rotating polarizing element so that a 
polarized radiation from the beam is supplied to the sample; 

modulating radiation fromUhe beam after modification by the sample by means of a 
second rotating polarizing elementvto provide a modulated beam; 

detecting radiation from the modulated beam; 

polarizing the modulated beam before radiation from the modulated beam is detected 
by means of a fixed linear polarizer; and 

deriving one or more ellipsomewic parameters of the sample from the detected 
radiation. 
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18. The metraod of claim 17, further comprising rotating the first and second 
elements at different speeds. 

19. The methop of claim 1 8, wherein one of the two elements is rotated by more 

1 

than 13 complete revolutions while the detecting step is detecting radiation from the beam. 

\ 

20. The method jof claim 1 8, wherein the two elements are rotated at two speeds 
that form substantially a ratio of two integers, wherein each of the integers is indivisible by 
the other, while the detecting step is detecting radiation from the beam. 

\ . 

21. The method oficlaim 17, wherein the two elements are rotated continually, or 
intermittently. \ 

22. The method of claim 21 , wherein the detecting step detects said radiation 

\ 

during the continual rotation of the elements, or when the elements are substantially stationary 
when they are rotated intermittemtly. 






i 

23. (Amended) The method of claim 17, wherein said providing step comprises 
passing unpolarized radiation through a fixed linear polarizer. 






24. The method of claim 17, further comprising passing the modulated beam 
through a fixed linear polarizer before its detection. 

25. The method of claim 17, wherein said providing step provides a beam of 
broadband radiation. i 

26. The method of claim 17, wherein radiation in said beam has wavelengths 
spanning a range from about 150 toVbout 830 nm. 


— . 


: 


27. ( Amended^ The method of claim 17 said deriving sten comnrisinf? deriving 
one or more parameters of tHe two elements, or of a system used in the providing, detecting or 
modulating step. \ 


JL - 
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28. The method of claim 27, wherein said deriving step derives parameters of the 
system such that said ellipdpmetric parameters are accurately derived without calibration of 
the system or of the parameters of the two elements. 




^1 29. (Ai^nded) A method for measuring a sample, comprising: 
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providing a beam onpolarized radiation having a linearly polarized component and 
supplying radiation from thetbeam to the sample; 

detecting radiation from the beam that has been modulated by the sample; 

modulating radiation fiom the beam before modification by the sample by means of a 
rotating polarizing element; \ 

passing the modulated radiation through a fixed or rotating linear polarizer prior to its 
detection; and 1 

deriving one or more ellipsometric parameters of the sample from the detected 
radiation. 1 


. X 




30. The methou of claim 17, wherein the element is rotated continually, or 
intermittently. \ 

31. The method ^>f claim 30, wherein the detecting step detects said radiation 
durine the continual rotation of the element or when the element iq Qiihctantiallv ctat inn^rv 
when it is rotated intermittently. 




0^ ^^^^ 32 " (^ en ^ ed ) The method of claim 29, wherein said providing step comprises 
^ J passing unpolarized radiation through a fixed linear polarizer. 




... 


33. The method of claim 29, wherein said providing step provides a beam of 
broadband radiation. \ 

\ 

34. The methodjof claim 33, wherein radiation in said beam has wavelengths 
spanning a range from about 150 to about 830 nm. 




35. (Amended) The method of claim 29, said deriving step comprising deriving 
one or more parameters jof the polarizing element, the polarizer, or of a system used in the 
providing, detecting or i^odulating step. 
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36. The method of claim 35, wherein said deriving step derives parameters of the 
system such that said ellipsometric parameters are accurately derived without calibration of 
the system or of the parameters of the two elements. 







37. (Amend^) An apparatus for measuring a sample, comprising: 
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a source providing a bdbm of polarized radiation having a linearly polarized 
component; 

optics applying radiationVfrom the beam to the sample; 

a detector detecting radiation from the beam that has been modified by theisample; 

a modulating device modulating the polarization of the beam of radiation prior to its 
detection, said device comprising a rotating phase modulator and a rotating polarizer; and 

a system deriving from the jdetected radiation one or more ellipsometric parameters of 
the sample and one or more parameters of the source, optics or modulating device without 
restriction as to magnitude of the phase modulation. 

38. (Amended) The apparatus of claim 37, wherein said modulating device 
comprises a first phase modulator or polarizer modulating the beam of radiation prior to 
application of the radiation therein to the sample, and a second polarizer or phase modulator 
modulating the radiation from the beam after it has been modified by the sample. 



39. The apparatus of claftn 38, said modulating device further comprising a rotator 
rotating the first modulator or polarizer in an optical path of the beam before modification by 
the sample, and rotating the second polarizer or modulator in an optical path for radiation 
from the beam after it has been modified by the sample. 

40. The apparatus of claim 3^9, wherein the rotator rotates the modulator and 
polarizer at different speeds. 

41 . The apparatus of claim 40,\wherein the rotator rotates the modulator or 
polarizer by more than 13 complete revolutions while the detector is detecting radiation from 

the beam. * 

\ 

42. The apparatus of claim 40, wherein the rotator rotates the modulator and 
polarizer at two speeds that form substantially a ratio of two integers, wherein each of the 
integers is indivisible by the other, while the detecting step is detecting radiation from the 
beam. \ 

43. The apparatus of claim 39, wherein the rotator rotates the modulator and 
polarizer continually, or intermittently. 
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44. The apparatife of claim 43, wherein the detector detects said radiation during 
the continual rotation of the modulator and polarizer, or when the modulator and polarizer are 
substantially stationary when they are rotated intermittently. 

45. The apparatus or claim 39, further comprising an instrument removing or 
inserting one of the modulator and polarizer in an optical path of the beam of radiation 
between the source and the detector. 



te^t< 



46. The apparatus of claim 37, wherein said device comprises a rotating polarizer, 

— — —Hr 



47. _ (Apended) The apparatus of claim 46, said rotating retarder comprising a 
Fresnel rhomb. 



48. The apparatus of claim 46, wherein said system derives system parameters 
related to said rotating polarazer, rotating retarder, PEM or Pockels cell. 
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49. (Amendelj) The apparatus of claim 37, wherein said source comprises a first 
fixed linear polarizer. 

50. (Amended) \The apparatus of claim 49, wherein said device comprises a 
second fixed linear polarizer, wherein said system derives orientations of planes of said first 
and second linear polarizers. 



51. The apparatus of claim 3^, wherein said source provides a beam of broadband 
radiation. r 

52. The apparatus of claim 51, Wherein radiation in said beam has wavelengths 
spanning a range from about 150 to about 830 nm. 

53. The apparatus of claim 37, wherein said system derives parameters of the 
source, optics or modulating device such thattsaid ellipsometric parameters are accurately 
derived without calibration of the optics or modulating device. 

54. The apparatus of claim 37, further comprising an optical element diverting a 
portion of the radiation after modulation by the device to a position sensitive detector for 
sensing tilt or height of the sample. 
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55. The apparatus of clkim 54, further comprising an objective relaying said 
modulated radiation from a spot orathe sample illuminated by the beam to said detector, said 
position sensitive detector being placed at a focal length of the objective away from the 
objective, to detect tilt of the sampl 3. 

56. The apparatus of claim 54, further comprising an objective relaying said 
modulated radiation from a spot on he sample illuminated by the beam to said detector, said 
position sensitive detector being placed to detect the spot at a desired height of the sample. 

57. The apparatus of claim 54, said optical element comprising a diffraction 
grating or two pellicle beam splitters! 
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58. The apparatus of claim\54, said optical element diverting a first portion of the 
radiation after modulation by the device to a first position sensitive detector for sensing tilt of 
the sample and a second portion of the radiation after modulation by the device to a second 
position sensitive detector for sensing hjpight of the sample. 

59. An apparatus for measuring a sample, comprising: 
a source providing a beam of radiation; 

a first fixed or rotating polarizing element modulating radiation in the beam so that 
polarized radiation from the beam is supplied to the sample; 

a second rotating polarizing element modulating radiation from the beam after 
modification by the sample to provide a modulated beam; 

a detector detecting radiation from the modulated beam; 

a fixed linear polarizer polarizing the modulated beam before radiation from the 
modulated beam is detected by the detector;! and 

a system deriving one or more ellipsometric parameters of the sample from the 
detected radiation. 



60. The apparatus of claim 59, said first polarizing element being a rotating 
polarizing element, further comprising a rotator rotating the first and second elements at 



different speeds. 
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61. The apparatus of cteim 59, wherein the rotator rotates one of the two elements 
by more than 13 complete revolutions while the detector is detecting- radiation from the beam. 

62. The apparatus of claim 60, wherein the rotator rotates the two elements at two 
speeds that form substantially a ratio of two integers, wherein each of the integers is 
indivisible by the other, while the dejecting step is detecting radiation from the beam. 

63. The apparatus of claii a 59, further comprising a rotator rotating the two 
elements continually, or intermittently. 

64. The method of claim 63, wherein the detector detects said radiation during the 
continual rotation of the elements, or when the elements are substantially stationary when • 
they are rotated intermittently. 1 


{^3 


! 

65. (Amended) Tjhe apparatus of claim 59, wherein said source comprises a fixed 
linear polarizer. * 


T 
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66. Cancelled. 

67. The apparatus of claim 59, whether comprising an optical element diverting a 
portion of the modulated beam to a position sensitive detector for sensing tilt or height of the 
sample. » ^ — 

68. (Amended) The apparatus of claim 72, said optical element comprising a 
diffraction grating on two pellicle beam splitters. 

69. (Amended) The apparatus of claim 72, said optical element diverting a first 
portion of the modulaied beam to a first position sensitive detector for sensing tilt of the 
sample and a second portion of the modulated beam to a second position sensitive detector for 
sensing height of the s^nple. 

70. (Amendejd) An apparatus for measuring a sample, comprising: 

a source providing a beam of polarized radiation having a linearly polarized 
component; 1 

a detector detecting radiation from the beam that has been modulated by the sample; 

a rotating polarizing element modulating radiation in the beam before modification by 
the sample; I 
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a fixed or rotating linear p&larizer polarizing radiation modulated by the element and 
the sample prior to detection by the detector; and 

a system deriving one or m$re ellipsometric parameters of the sample from the 
detected radiation. 

71. (Amended) The apparatus of claim 70, further comprising a rotator rotating 
the element continually, or intermittently. 

72. (Amended) The method of claim 7 1 , wherein the detector detects said 
radiation during the continual rotation of the elements, or when the elements are substantially 
stationary when they are rotated intermittently. 

73. (Amended) The apparatus of claim 70, wherein said source comprises a fixed 
linear polarizer. 

74. (Amended) The apparatus of claim 70, further comprising a fixed linear 

polarizer polarizing the modulated beam before radiation from the modulated beam is 

■J 

detected by the detector. 

75. (Amended) The apparatus of claim 70, wherein said source provides a beam 
of broadband radiation. 

76. (Amended) The apparatus of claim 75, wherein radiation in said beam has 

wavelengths spanning a range from about 150 to about 830 nm. 

t 

77. (Amended) The apparatus of claim 70, said system deriving one or more 

parameters of the element, the polarizer or the source. 

i 

78. (Amended) The apparatus of claim 77, wherein said system derives 
parameters of the element, the polarizer, the source and the detector such that said 
ellipsometric parameters are accurately derived without calibration of the two elements. 



79. (Amended) The apparatus of claim 70, further comprising an instrument 
removing or inserting one of the two elements. 
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80. (Amended) The apparatus of claim 70, further comprising an optical element 
tie modulated beam to a position sensitive detector for sensing tilt or 



diverting a portion of 
height of the sample. 

81. (Amende 
diffraction grating or t\J/o 



d) The apparatus of claim 80, said optical element comprising a 
pellicle beam splitters. 



82. (Amend sd) The apparatus of claim 80, said optical element diverting a first 
portion of the modulate d beam to a first position sensitive detector for sensing tilt of the 
sample and a second portion of the modulated beam to a second position sensitive detector for 
sensing height of the st mple. 



83. 


Cancelled. 


84. 


Cancelled. 


85. 


Cancelled. 


86. 


Cancelled. 


87. 


Cancelled. 
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88. (Amended) An apparatus for measuring a sample, comprising: 
a source providing a beam oj radiation; 

optics comprising a cylindrical objective for focusing radiation from the beam to the 
sample in a direction away from a normal direction to the sample; 

a detector detecting radiation pom the beam that has been modified by the sample; 

a modulating device modulating the beam of radiation prior to its detection; and 

a system deriving a reflectance^ or one or more ellipsometric parameters of the sample 
from the detected radiation. 

89. (Amended) The apparatus of claim 88, said cylindrical objective being such 
that radiation from the beam is focused tp a substantially circular spot on the sample. 

90. (Amended) A method fortaieasuring a sample, comprising: 
measuring the sample by means oAan ellipsometer to provide first signals; 
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deriving from information in tie first signals one or more parameters of the sample 
and one or more parameters of the ellipsometer; 

measuring the sample by meai s of an optical measurement instrument to provide 
second signals; and 

deriving from information in tl: e first and second signals one or more parameters of 
the sample and one or more parameters of the instrument to improve accuracy of 
measurement. 

91. (Amended) The methoc of claim 90, said sample being an internal reference 
sample of the ellipsometer, said method further comprising calibrating the instrument using 
the derived parameter(s) of the sample, 

92. (Amended) The methoc 
spectroreflectometer, polarimeter, or el 



the instrument using the derived parameter(s) of the sample 



of claim 90, wherein said instrument is a 

.ipsometer, said method further comprising calibrating 

L 



93. (Amended) The method 'of claim 90, wherein said measuring step by means of 
the ellipsometer comprises: 

providing a beam of radiation having a polarized component, and supplying radiation 
from the beam to the sample; 

detecting radiation from the beam that has been modified by the sample; 

modulating the polarization of the beam of radiation prior to its detection; and 

deriving one or more ellipsometrifc parameters of the sample and one or more 
parameters of the ellipsometer. 

94. (Amended) The method of claim 93, wherein said modulating modulates the 
polarization of the beam of radiation without restriction as to magnitude of the modulation. 



95. (Amended) The method o 



claim 90, wherein said deriving derives film 



thickness information of the sample and depolarization of radiation caused by the sample. 

96. (Amended) The method oflclaim 95, said first output signals indicating sample 
characteristics over a spectrum of wavelengths, wherein said deriving derives depolarization 
of radiation caused by the sample over the spectrum. 

97. (Amended) A method for measuring a sample, comprising: 
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measuring the sample by meanS of an ellipsometer to provide first signals; 
measuring the sample by means of an optical measurement instrument to provide 
second signals; and 

deriving from the first and second signals information related to film thickness(es) of 
and depolarization caused by the sample. 

^ 

98. (Amended) ; The method of claim 97, further comprising, prior to measuring 
the sample: 

measuring another sample by means of the ellipsometer to provide third signals; and 
deriving from the third signals one or more parameters of the another sample and one 
or more parameters of the ellipsometer to calibrate the ellipsometer. 

i 

99. (Amended) The method of claim 98, wherein said measuring step of another 
sample by means of the ellipsometer comprises: 

i 

providing a beam of radiation haying a polarized component, and supplying radiation 
from the beam to the another sample; 



detecting radiation from the beam 
modulating the polarization of the 
deriving one or more ellipsometric 
parameters of the ellipsometer. 



that has been modified by the another sample; 
beam of radiation prior to its detection; and 
parameters of the another sample and one or more 



100. (Amended) The method of claim 99, wherein said modulating modulates the 
polarization of the beam of radiation without restriction as to magnitude of the modulation. 

101. (Amended) The method of claim 97, wherein said deriving also derives 
parameters of the ellipsometer. 

102. (Amended) The method of claim 97, said first signals indicating sample 
characteristics over a spectrum of wavelengths, wherein said deriving derives depolarization 
of radiation caused by the sample over the spectrum. 

103. (Amended) A method for measuring a sample, comprising: 
measuring the sample by means of an ellipsometer to provide first signals; and 
deriving from the first signals information related to film thickness(es) of and 

depolarization caused by the sample and one^or more parameters of the ellipsometer to 
improve accuracy of measurement. 
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104. (Amended) The method oftclaim 103, wherein said measuring step by means 
of the ellipsometer comprises: , 

providing a beam of radiation having a polarized component, and supplying radiation 
from the beam to the sample; ^ 

detecting radiation from the beam that has been modified by the sample; 

modulating the polarization of the beem of radiation prior to its detection; and 

deriving one or more ellipsometric parameters of the sample and one or more 
parameters of the ellipsometer. 

105. (Amended) The method of claim 104, wherein said modulating modulates the 
polarization of the beam of radiation without restriction as to magnitude of the modulation. 

i 

106. (Amended) The method of claim 103, said first output signals indicating 
sample characteristics over a spectrum of wavelengths, wherein said deriving derives 
depolarization of radiation caused by the sample over the spectrum. 

i 

107. (Amended) An apparatus for measuring a sample, comprising: 
an ellipsometer measuring the sample tdiprovide first signals; 

a system deriving from information in the first signals one or more parameters of the 
sample and one or more parameters of the ellipsometer; and 

an optical measurement instrument measuring the sample to provide second signals; 

wherein the system derives from informajtion in the first and second signals one or 
more parameters of the sample and one or more parameters of the instrument to improve 
accuracy of measurement. 

108. (Amended) The apparatus of claim 107, said sample being an internal 
reference sample of the ellipsometer. 

109. (Amended) The apparatus of claim 107, wherein said instrument is a 



spectroreflectometer, polarimeter, or ellipsometer 
sample of the instrument. 



wherein said sample is also a calibration 



110. (Amended) The apparatus of claim 107, wherein said ellipsometer comprises: 



a source providing to the sample a beam of radiation having a polarized component; 
a detector detecting radiation from the beam that has been modified by the sample to 
provide an output; 
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and 



a modulator modulating the polarizatifon of the beam of radiation prior to its detection; 



a processor deriving from the output |ne or more ellipsometric parameters of the 



sample and one or more parameters of the el 



111. (Amended) The apparatus offclaim 
polarization of the beam of radiation without 



psometer. 



110, wherein said modulator modulates the 
restriction as to magnitude of the modulation. 



1 12. (Amended) The apparatus of claim 1 10, wherein said processor derives film 
thickness information of the sample and depolarization of radiation caused by the sample. 

113. (Amended) The apparatus of jclaim 1 12, said first output signals indicating 
sample characteristics over a spectrum of wavelengths, wherein said processor derives 
depolarization of radiation caused by the san pie over the spectrum. 



114. (Amended) An apparatus for 
an ellipsometer measuring the sample 



and 



measuring a sample, comprising: 
to provide first signals; 



an optical measurement instrument measuring the sample to provide second signals; 



a system deriving from the first and second signals information related to film 



thickness(es) of and depolarization caused by 



the sample. 



115. (Amended) The apparatus of claim 114, wherein said ellipsometer comprises: 
a source providing a beam of radiation having a polarized component to the sample; 

a detector detecting radiation from the- beam that has been modified by the sample; 

j 

a modulator modulating the polarization of the beam of radiation prior to its detection; 



and 



a processor deriving one or more ellipsometric parameters of the sample and one or 
more parameters of the ellipsometer. 

1 16. (Amended) The apparatus of claim 1 15, wherein said modulator modulates the 
polarization of the beam of radiation without restriction as to magnitude of the modulation. 

1 1 7. (Amended) The apparatus of claim 1 14, wherein said deriving means derives 
parameters related to the ellipsometer. 
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118. (Amended) The apparatus oi^ claim 117, said first output signals indicating 
sample characteristics over a spectrum of wavelengths, wherein said deriving means derives 
depolarization of radiation caused by the sample over the spectrum. 

119. (Amended) An apparatus for measuring a sample, comprising: 
an ellipsometer measuring the sample to provide first signals; and 



a system deriving from the first signals 



information related to film thickness(es) of and 



depolarization caused by the sample and one or 
improve accuracy of measurement. 



more parameters of the ellipsometer to 



120. (Amended) The apparatus of claim 119, wherein said ellipsometer comprises: 
a source providing a beam of radiation having a polarized component to the sample; 
a detector detecting radiation from the beam that has been modified by the sample; 
a modulator modulating the polarizationtof the beam of radiation prior to its detection; 



and 



a processor deriving one or more ellipsometric parameters of the sample and one or 
more parameters of the ellipsometer. j 

121. (Amended) The apparatus of clai|n 120, wherein said modulator modulates the 
polarization of the beam of radiation without restriction as to magnitude of the modulation. 

122. (Amended) The apparatus of claim 1 19, said first output signals indicating 
sample characteristics over a spectrum of wavelen gths, wherein said deriving means derives 
depolarization of radiation caused by the sample over the spectrum. 

123. (Amended) A method for measuring a sample, comprising: 

measuring the sample by means of an ellipsometer supplying radiation to the sample 
and detecting said radiation after modification by the sample to provide first signals, wherein 
said measuring comprises modulating the radiation supplied to the sample at a frequency by 
means of a rotating polarizer, said first signals comprising components at more than five 
harmonics of said frequency; and 

deriving from the first signals information related to film thickness(es) of and 
depolarization caused by the sample. 

124. (Amended) An apparatus for measuring a sample, comprising: 
an ellipsometer measuring the sample to pro vide output signals; and 
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a system deriving from the signals information 
depolarization caused by the sample, said ellifcsometer 
polarizer. 



125. (Amended) An apparatus for n Leasuring a sample, comprising 



an ellipsometer measuring the sample 



related to film thickness(es) of and 
comprising at least one rotating 



t o provide output signals; and 



a system deriving from the signals info mation related to film thickness(es) of and 



depolarization caused by the sample, said ellip 



lometer comprising: 



a source supplying radiation having a polarized component in a first optical path to the 
sample; 

a first phase modulator in the first optical path modulating the phase of the polarized 
component; 

a detector detecting radiation along a second optical path, where the radiation detected 



by the detector is supplied by the source and m 
a second phase modulator in the second 



polarized component. 



edified by the sample; and 

optical path modulating the phase of the 
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